
Surface-Energy 

Balance Methods for 

Estimating ET: 

Current State-of-the-

Art and Recent 

Developments

Rick Allen -- University of Idaho, Kimberly, Idaho

Ayse Kilic ïUniversity of Nebraska, Lincoln

Justin Huntington, Desert Research Institute, Reno, NV

Professor of Water Resources Engineering
Member, USGS/NASA Landsat Science Team

Assoc. Professor of Civil Engineering / School of Natural Resources
Member, USGS/NASA Landsat Science Team

Landsat ñ8ò ïlaunched Feb. 2013

Other Partners: Ricardo Trezza, UI; Jan Hendrickx, NMT; Babu Kamble, UNL; Jeppe Kjaersgaard, UMn



Who Cares about ET?

Departments of Water Resources

US Bureau of Reclamation

US Geological Survey

Environment

Irrigators

Courts



Applications in the West
Water Planning

Aquifer Depletions

Hydrologic Modeling

Endangered Species

Agricultural Water Use

Legal Finding -of -Fact

Water Rights Buy -Back

Water Rights Compliance

In -Season Water Demand

Tribal Water Rights Negotiations



April 5-7, 2011

NASA/USDA 
Workshop on 

Evapotanspiration

April ïOctober, 
2006 ET

~160 km

Does ET vary in Space?   (Yes!) -- Monthly and Seasonal ET at 

30 m resolution for the Eastern Snake Plain of Idaho
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April 5-7, 2011

NASA/USDA 
Workshop on 

Evapotanspiration

April ïOctober, 2006 ET from 
METRIC -Landsat

~80 km

ET features at 30 m resolution

Lake Walcott

American Falls Reservoir

Snake River

Irrigated Fields/
Water Rights

Local Riparian

Albion, ID



April 5-7, 2011

NASA/USDA 
Workshop on 

Evapotanspiration

ET features at 30 m resolution
April ïOctober, 2006 ET from 
METRIC -Landsat

25 km



When Energy Balance Matters

Energy Balance

ÂRemember: ET is the water that changes 
from liquid to water vapor

Â Liquid to vapor conversion requires energy

ÂWe ólookô for the energy used to produce 
the evaporation

Â EB components can be derived from 
the temperature of the surface



ET is calculated as a ñresidualòof the 
energy balance

Basic Truth: 

Evaporation 

consumes 

Energy

Why use an ñEnergy balanceò?

ET = R   - G  - Hn

Rn

G (heat to ground)

H (heat to air) ET
(radiation from sun and sky)



2011 ET Workshop ïBoise, Idaho

Energy Balance can óseeô impacts on ET caused by:

water shortage
disease
crop variety
planting density
cropping dates
salinity
management

(these effects can cause the ratio  ET / amount of vegetation to vary 
widely, thus the need to compute ET as a residual of the energy 
balance)

Energy balance gives us ñactualò ET



Sensible Heat Flux (H) 

ïMETRIC model

H = (r ĬcpĬdT) / rah

rah =  the aerodynamic resistance

from z1 to z2

dT = ñfloatingò near surface temperature difference (K)

u* =  friction velocity

k   =  von karmon 

constant (0.41)
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Advantage:

dT is inverse calibrated 

(simulated) (free of Trad vs. Taero

vs. Tair)

Advantage:
rah  ófloatsô above the 
surface and is ófreeô of zoh

and some limitations of a 
single source approach 

HrahdT

z1

z2



Low levels of ET require high 
quality surface energy balance

One day after rain

Two days

Three days
Four days

Hollister, Idaho Sagebrush Flux Site


